a Consumers search for food with functional characteristics beyond its nutritional properties. Thus, the concept of functional food has become a hot topic, allowing us to obtain additional health benefits, including disease prevention. In this context, plants are recognized as sources of a wide range of bioactives, including phenolic compounds. Herein, rosemary aqueous extract was used as a functional ingredient for cottage cheese, after proving that it possesses both higher content of phenolic compounds and antioxidant activity, comparatively with the corresponding hydroethanolic extract. However, a decrease of bioactivity was observed for the cheese samples enriched with the extracts in free form after seven days under storage. Therefore, in order to preserve the antioxidant activity, the rosemary aqueous extract was efficiently microencapsulated by using an atomization/coagulation technique. Overall, the introduction of both free and microencapsulated extracts provided bioactivity that was better preserved with microencapsulated extracts without changing the nutritional value of cottage cheese.
Introduction
Rosmarinus officinalis L. (rosemary) originates from the Mediterranean region and is categorized as a woody and aromatic plant. Their leaf extracts are commonly used in traditional medicine, comprising uses against dyspepsia, dysmenorrhea and rheumatic diseases, as well as in food preservation. 1, 2 The numerous bioactivities of the rosemary extracts include properties such as antioxidant, 3 anti-inflammatory, 4 antimicrobial, 5 hepatoprotective, 6 and antidiabetic. 7 These medicinal attributes have been related to its high content in phenolic compounds, mainly caffeic acid derivatives such as rosmarinic acid, which is one of the major components found in the plant. 8 Nevertheless, phenolic compounds, when exposed to adverse conditions such as extreme pH, light and moisture, as well as during storage and food processing, can degrade leading to a consequent loss of bioactivity. 9 Moreover, after ingestion, they are metabolized into glucuronated, sulphated and methylated metabolites that can become bioinactive. 10 To overcome these problems, the microencapsulation technique (defined as a technology of entrapping solids, liquids or gaseous materials in small capsules or spheres) has been used. 11 Microencapsulation can provide a physical barrier between the core material, a matrix enriched in the bioactive compounds or the bioactive compounds themselves, and components of the surrounding medium. 12 This methodology helps, not only to protect functional compounds, such as polyphenols and other antioxidants, but is also capable of providing controlled release, or a target delivery to a specific site. 12 The alginate, usually commercialized in the form of a sodium salt, is a polyanionic copolymer formed by α-L-guluronic acid and β-D-mannuronic acid units. It is derived from marine kelp, mainly the brown sea algae 13 and has been extensively investigated due to its biocompatibility, low toxicity, relatively low cost, and mild gelation by addition of divalent cations such as Ca 2+ . 14 This polymer has received great attention since its behaviour varies with the pH, namely, it resists acidic media and solubilizes at basic pH. 15 The alginate was already reported as a suitable coating material to protect bioactive natural extracts by microencapsulation, aiming at their incorporation in foods. 16, 17 Stojanovic et al. 18 studied the alginate encapsulation of aqueous thyme extracts also rich in rosmarinic acid and many polyphenolic compounds similar to rosemary extract; the authors reported the potential of using a hydrogel material for encapsulation of natural compounds to improve their functionality and stability in food products. Another formulation with alginate and rosemary are coating films to inhibit lipid oxidation and the warmed-over flavor formation (WOF) in pre-cooked meats. Handley et al. 19 and Ma-Edmonds et al. 20 added rosemary oleoresin extract (antioxidant activity) into starch-alginate coatings with the aim of protecting precooked pork chops and beef patties, respectively, from being oxidised. However, microencapsulation with this polymer can increase the half-life of the extracts and allows the delivery of the bioactive compounds at the intestinal tract, which constitutes an advantage in terms of preserving their bioavailability.
In this work, two different rosemary extracts (aqueous and hydroethanolic) were prepared, then chemically characterized and evaluated for their radical-scavenging activity, reducing power and lipid peroxidation inhibition. The extract with the highest antioxidant activity (aqueous extract) was chosen to functionalize a dairy product (cottage cheese), firstly tested directly in free form and thereafter microencapsulated by an atomization/coagulation technique with calcium alginate as the coating material. As a final step of this work, the produced microspheres were incorporated into cottage cheese and the properties of the final product were evaluated and compared with the counterparts using extracts in free form, as well as with a control sample (cheese without extracts).
Materials and methods

Plant species and preparation of the extracts
Samples of dried Rosmarinus officinalis L. leaves (rosemary) were provided by "Cantinho das Aromáticas" organic farmers from Vila Nova de Gaia (Portugal). The dried leaves were crushed with a mortar to obtain a fine powder.
The hydroethanolic extracts were prepared by stirring the sample (2 g) with 30 mL of ethanol : water (80 : 20, v/v) at room temperature for 1 h, followed by filtration through a Whatman filter paper no. 4. The residue was extracted again under the same conditions and mixed with the previously obtained extract. Ethanol was removed by evaporation under reduced pressure (Büchi R-210, Flawil, Switzerland) and the water was eliminated by lyophilisation (FreeZone 4.5, Labconco, Kansas City, MO, USA).
The aqueous extracts were obtained by adding 100 mL of boiling distilled water to the sample (2 g) followed by gentle stirring for seven minutes (infusion preparation), and filtration through a Whatman filter paper no. 4. Finally the extract was frozen and lyophilized.
Standards and reagents
For antioxidant tests, 2,2-dipheny-1-picrylhydrazyl (DPPH) was obtained from Alfa Aesar (Ward Hill, MA, USA). For chromatographic analysis, HPLC-grade acetonitrile was from Fisher Scientific (Lisbon, Portugal). The standards, such as fatty acids methyl ester (FAME) reference standard mixture (standard 47885-U), β-carotene and Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) were purchased from Sigma (St Louis, MO, USA), as also formic acid. Phenolic compound standards, namely rosmarinic and caffeic acids, were purchased from Extrasynthèse (Genay, France). Sodium alginate was provided from Fluka Chemie (Steinheim, Switzerland). All other chemicals and solvents were of analytical grade and purchased from common sources. Water was treated in a Milli-Q water purification system (TGI Pure Water Systems, Greenville, SC, USA).
Chemical characterization of the rosemary extracts in terms of phenolic compounds
Phenolic compounds were analysed using a Hewlett-Packard 1100 chromatograph (Hewlett-Packard 1100, Agilent Technologies, Santa Clara, CA, USA) with a quaternary pump and a diode array detector (DAD) coupled to an HP Chem Station (rev. A.05.04) for data-processing. A Waters Spherisorb S3 ODS-2 C 18 , 3 μm (4.6 mm × 150 mm) column thermostatted at 35°C was used. The solvents used were: (A) 0.1% formic acid in water, and (B) acetonitrile. The elution gradient established was isocratic 15% for 5 min, 15% B to 20% B over 5 min, 20-25% B over 10 min, 25-35% B over 10 min and 35-50% B for 10 min, and re-equilibration of the column was performed using a flow rate of 0.5 mL min −1 . Double online detection was carried out in the DAD using 280, 330 and 370 nm as preferred wavelengths and in a mass spectrometer (MS) connected to the HPLC system via the DAD cell outlet. 21, 22 MS detection was performed in an API 3200 Qtrap (Applied Biosystems, Darmstadt, Germany) equipped with an ESI source and a triple quadrupole-ion trap mass analyzer that was controlled by Analyst 5.1 software. Zero grade air served as the nebulizer gas (30 psi) and turbo gas for solvent drying (400°C, 40 psi). Nitrogen served as the curtain (20 psi) and collision gas (medium). The quadrupoles were set at unit resolution. The ion spray voltage was set at −4500 V in the negative mode. The MS detector was programmed for recording in two consecutive modes: Enhanced MS (EMS) and enhanced product ion (EPI) analysis. EMS was employed to show full scan spectra, so as to obtain an overview of all of the ions in the sample. Settings used were: declustering potential (DP) −450 V, entrance potential (EP) −6 V, collision energy (CE) −10 V. The EPI mode was performed in order to obtain the fragmentation pattern of the parent ion(s) in the previous scan using the following parameters: DP −50 V, EP −6 V, CE −25 V, and collision energy spread (CES), 0 V. Spectra were recorded in negative ion mode between m/z 100 and 1500.
The phenolic compounds were identified by comparing their retention times, UV-vis and mass spectra with those obtained with standard compounds, when available. Otherwise, compounds were tentatively identified comparing the obtained information with the available data reported in the literature. For quantitative analysis, a calibration curve for each available phenolic standard was constructed based on the UV signal. For the identified phenolic compounds for which a commercial standard was not available, the quantification was performed through the calibration curve of another compound from the same phenolic group. The results were expressed as mg per g of extract. 22 
Evaluation of the antioxidant activity of the rosemary extracts
The hydroethanolic and aqueous extracts were dissolved in ethanol : water (80 : 20, v/v) and water, respectively, at a concentration of 10 mg mL −1 , and further diluted to different concentrations until 2.4 µg mL −1 in order to determine the EC 50 values (extract concentration providing 50% of antioxidant activity or an absorbance value of 0.5 in the reducing power assay). Trolox was used as positive control. DPPH radical-scavenging activity, reducing power and lipid peroxidation inhibition were the in vitro assays used for the evaluation of the antioxidant activity and followed the experimental methodologies adopted in the work of Pereira et al. 22 and Caleja et al. 23 Briefly, DPPH radical scavenging activity was evaluated using an ELX800 microplate reader ( 2.5. Microencapsulation of rosemary aqueous extract and characterization 2.5.1. Microencapsulation. The microspheres containing the rosemary aqueous extract were produced by using an atomization/coagulation technique, as previously described by the authors. 16, 17 In brief the encapsulating material (calcium alginate) was formed by using sodium alginate and a calcium chloride (CaCl 2 ) aqueous solution as the coagulation solution (source of Ca 2+ ions). The atomization solution was prepared by firstly mixing 50 mg of the rosemary extract with 10 mL water. This preparation was kept under stirring until complete dissolution of the extract; afterwards, 400 mg of sodium alginate were added and the solution was kept under stirring for 2 h until complete dissolution. To produce the microspheres, a NISCO VarJ30 (Zurich, Switzerland) system was used, where the previously prepared alginate solution containing the aqueous extract was atomized using the following parameters: a feed rate of 0.2 mL min −1 and a nitrogen pressure of 100 mbar. The atomized droplets in contact with the CaCl 2 solution (250 mL at concentration of 4% (w/v)) coagulate promptly fixing the microspheres' shape. For total consolidation they remained in contact with the coagulation solution for 4 h under stirring. Finally microspheres were recovered by filtration under reduced pressure, washed twice with water (2 × 100 mL), lyophilized and stored. 2.5.2. Characterization. Optical microscopy (OM) (Nikon Eclipse 50i equipped with a Nikon Digital Sight, Tokyo, Japan) was used to monitor microspheres' morphology and size evolution during the microencapsulation process.
The encapsulation efficiency (EE) was evaluated by HPLC-DAD by quantifying the non-encapsulated rosmarinic acid (the major compound identified in the extract). For that the coagulation and the two washing solutions were analysed. The encapsulation efficiency was then calculated according to the following expression:
where M e-t represents the theoretical amount of extract, i.e. the amount of extract used in the microencapsulation process, and M e-ne corresponds to the non-encapsulated extract. 16 The presence of the extract inside the microcapsules was also confirmed by FTIR (Bomen, model MB 104) through the comparison of the spectra obtained with: (i) rosemary aqueous extract, (ii) alginate and (iii) microspheres. Spectra were obtained in transmittance mode by using the KBr pellet technique (concentration of 1% (w/w)) with a resolution of 4 cm −1 between 650 and 4000 cm −1 and by co-adding 48 scans.
2.6. Functionalization of cottage cheese with rosemary aqueous extract 2.6.1. Preparation of cottage cheese samples. All the cottage cheese samples were prepared, in duplicate, by Queijos Casa Matias Lda. (Seia, Portugal). Cottage cheeses are manufactured from the milk serum obtained after the production of cheese. Thus, for cheese production ewe milk (breed Churra Mondegueira), salt, and cardoon (Cynara cardunculus L.) were used, according to the procedure described by Carocho et al. 24 Afterwards, the remaining serum (liquid component) was pumped into a vat where it was mixed and heated to a temperature ranging between 83-85°C. After a few minutes at that temperature, the serum started to flocculate and rose to the surface where it was scooped into individual forms, left for a few minutes and packed with parchment paper. The incorporation of the bioactive extracts was carried out immediately before packaging individually into each one of the forms mentioned above, in order to guarantee a better distribution of the extract by the cottage cheese mass (∼200 g).
During the first stage of the work, control samples (cottage cheeses without rosemary extract) and cottage cheeses with rosemary extracts in free form (0.1 g extract of cheese) were produced. During the second stage (after evaluating the behavior of the free extract) cottage cheeses with rosemary extracts in the microencapsulated form (0.9 g microspheres of cheese corresponding to 0.1 g extract plus 0.8 g of alginate, the coating material) were prepared.
All the subsequent analyses were performed with the lyophilized cheese samples obtained directly after incorporation (0 days) and after 7 days, packed with parchment paper and stored at 4°C in a refrigerator.
2.6.2. Recovery evaluation of the cottage cheese samples. The accuracy was evaluated by the standard addition procedure ( percentage of recovery), with three addition levels (50, 25 and 10% of the peak/area concentration), each one in triplicate. The phenolic standards (rosmarinic acid and caffeic acid) were added to the samples and the extraction procedure was carried out. The lyophilized cheese samples (1 g) were extracted with ethanol at room temperature for 1 h under stirring. The obtained extract was filtered through a Whatman filter paper no. 4 and the remaining solid residue was subjected to an additional extraction. The combined extracts were evaporated under reduced pressure in a rotatory evaporator until complete removal of ethanol. The extracts were evaluated using the HPLC system described above for the phenolic compounds (methodologies described in section 2.4).
2.6.3. Evaluation of the antioxidant activity of the cottage cheese samples. The lyophilized cheese samples (3 g) were extracted with ethanol at room temperature for 1 h under stirring. The obtained extract was filtered through a Whatman filter paper no. 4 and the remaining solid residue was subjected to an additional extraction. The combined extracts were evaporated under reduced pressure in a rotatory evaporator until complete removal of ethanol. Finally, the evaporated extract was dissolved in ethanol at a concentration of 200 mg mL −1 for the antioxidant activity evaluation.
The antioxidant activity was evaluated though the DPPH radical scavenging activity and reducing power assays (methodologies described above in section 2.4).
2.6.4. Evaluation of the nutritional and colour properties of the cottage cheese samples. The nutritional composition ( protein, fat, carbohydrates and ash) was evaluated using the AOAC procedures:
25 the protein content (N × 6.38) was determined using the Kjeldahl method; the fat content was determined by Soxhlet extraction with petroleum ether; the ash content was determined by incineration at 600 ± 15°C; and total carbohydrates were calculated by difference. Total energy was calculated as Energy (kcal) = 4 × ( protein weight (g) + carbohydrate weight (g)) + 9 × (lipid weight (g)).
Fatty acids were determined by analysing the petroleum ether extract previously obtained by gas-chromatography coupled with a flame ionization detector (GC-FID), according to the procedure described by the authors. 22, 23 The identification was made by comparison of the relative retention times of fatty acid methyl esters with standards. The results were expressed as relative percentages. Free sugars were determined in defatted samples by HPLC coupled to a refractive index (RI) detector, according to the procedure previously described by the authors. 21, 22 The compounds were identified by chromatographic comparisons with authentic standards, and quantification was performed using the internal standard (melezitose) method. The sugar content was expressed in g per 100 g of the cottage cheese. 22, 23 Sample colour was determined in a colorimeter (model CR-400, Konica Minolta Sensing, Inc., Japan) using the illuminant C and a diaphragm aperture of 8 mm. The CIE L*a*b* colour space values were registered using the data software "Spectra Magic Nx" (version CM-S100W 2.03.0006). 23 Three readings on the sample top and bottom parts were used.
Statistical analysis
All the assays (antioxidant activity, nutritional and colour properties) were carried out in triplicate and the results expressed as mean values with the corresponding standard deviation (SD). The results were analyzed using one-way analysis of variance (ANOVA) followed by Tukey's HSD test with α = 0.05. In the case of antioxidant activity, Student's t-test was used to determine the significant difference among the different samples, with α = 0.05. This treatment was carried out using SPSS V22.0 program.
Results and discussion
Chemical characterization of the rosemary extracts in terms of phenolic compounds
Water and a mixture of ethanol : water were selected for the preparation of the extracts, for being considered suitable for phenolic compound extraction, as well as "green" solvents with no or very low toxicity. Therefore, the extracts may become suitable for incorporation in food matrices. Fig. 1 shows the phenolic compound profile, recorded at 280 nm, of a Rosmarinus officinalis (rosemary) aqueous extract, prepared by infusion. Data of retention time, λ max , pseudomolecular ion, main fragment ions in MS 2 , and tentative compound identification are presented in Table 1 . The phenolic composition of the extracts was characterized by the presence of caffeoyl derivatives, which constituted 16 out of the 18 detected phenolic compounds, as revealed by the observation in their mass spectra of signals at m/z 179, 161 and/or 135 characteristic of caffeic acid. The other two compounds (i.e., peaks 8 and 14) corresponded to flavonoids.
Caffeic acid (compound 4) and rosmarinic acid (compound 12) were positively identified according to their retention, mass spectra and UV-vis characteristics in comparison with commercial standards. The presence of caffeic and rosmarinic acids has been extensively reported in rosemary. 26 − at m/z 727) should also correspond to caffeic acid tetramers taking into account their molecular weights and fragmentation patterns, although no definite identity could be assigned to them. In the case of compound 9 the fragments observed at m/z 535 and 491 would fit, respectively, the caffeic acid trimers sagecoumarin and salvianolic acid C, whereas fragments at m/z 311 and 293 have been cited to be produced by the latter compound, 33, 37 suggesting that salvianolic acid C could be a part of the structure of compound 9. Similarly, compound 18 presented a similar fragmentation pattern as compound 16 (salvianolic acid B), indicating that both of them share common structural features, although no structure could be matched to its molecular weight. No identity could be assigned to compound 13
− at m/z 487) either, although it would also correspond to a caffeic acid derivative as revealed by the characteristic fragment ions at m/z 179, 161 and 135.
To the best of our knowledge, most of the above discussed caffeic acid trimers and tetramers are described for rosemary for the first time in the present study, since only the presence of two salvianolic acid derivatives has been reported by Ferrer- 
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This journal is © The 26 The presence of homoplantaginin (i.e., hispidulin-7-O-glucoside) with the same molecular weight has also been cited in rosemary, 27, 28 although such an identity should be discarded in our case since the fragment corresponding to the aglycone (hispidulin, M w 300 Da) was not observed in the MS 2 spectra of the compounds. No conclusions about the location of the glucuronide moiety can be drawn from the HPLC-DAD-MS data obtained herein, therefore the compounds were just assigned as luteolin (or scutellarein) glucuronide. The diterpene carnosic acid and its related compounds, carnosol, methyl carnosate, or other derivatives were not present in the studied sample, neither in the aqueous nor in the ethanol extracts. The aqueous extract presented the highest content in total and individual phenolic compounds, with rosmarinic acid being the most abundant compound in both samples (Table 1) . 
Antioxidant properties of the rosemary extracts
The two prepared rosemary extracts (aqueous and hydroethanolic) revealed the same tendency regarding their antioxidant capacity in the three evaluation assays: lipid peroxidation inhibition > reducing power > DPPH scavenging activity (Fig. 2) , however, the aqueous extract always showed lower EC 50 values (higher antioxidant activity) than the hydroethanolic one. Therefore, the aqueous extract was selected to functionalize the cottage cheese, in order to provide antioxidant benefits to this food matrix.
Incorporation of the aqueous extract in cottage cheese
The accuracy of the incorporation was evaluated by the standard addition procedure ( percentage of recovery). Rosmarinic and caffeic acids were added to the control samples, to the samples with rosemary aqueous extracts in free form and to the samples with microcapsules. The recovery was performed using three concentration levels (10, 25 and 50% of the peak/ area concentration, each one in triplicate) before the extraction procedure. Recovery values showed excellent results for the samples with rosemary aqueous extracts incorporated in free form, with a mean percentage of 95%, while control and microencapsulated samples did not present any of these compounds.
The effect of rosemary extract on the antioxidant activity of the cottage cheese samples was firstly evaluated using the extract in free form and compared with the control (sample with no extract added). Antioxidant activity (free radicals scavenging activity and reducing power assays), was determined directly after incorporation (0 days) and after storage for 7 days at 4°C. The control samples did not show any free radical scavenging activity (Table 2) , however, low reducing power was observed that improved along time, which is probably related to the formation of reducing substances in the cottage cheese after the lipid peroxidation process. In comparison, the incorporation of the rosemary aqueous extracts in free form improved the antioxidant activity of the cottage cheese for both studied times (0 and 7 days). Nevertheless, a reduction in the antioxidant potential of these samples was observed along the storage time, indicating a loss of bioactivity of the extract, probably related to its degradation. Therefore, microencapsulation was attempted to provide protection against the degradation of the used rosemary extract.
Microencapsulation of the rosemary aqueous extract with alginate by atomization/coagulation process
Alginate-based microspheres containing the rosemary aqueous extract were prepared by the atomization/coagulation technique. The used conditions were adapted from similar work carried out with other natural extracts. 16, 17 The produced microspheres were analyzed by OM, immediately after the atomization process (Fig. 3A1 ) and after the coagulation period (4 h under stirring in a solution of CaCl 2 ) (Fig. 3A2) . In both stages, it was observed that the produced microspheres presented, in general, a round and well defined shape; only a minor proportion, particularly the microspheres with low size, revealed a pear-like form. Moreover they were perfectly individualized (no agglomerates were detected). The presence of small brown droplets was also noticed and related to the presence of the extract (effective incorporation of the extract inside the alginate microspheres). Their final size (estimated by OM using a magnification of 100×) ranged between 51.1 and 122.6 µm. The encapsulation efficiency (EE), evaluated through an indirect method based on the quantification of the non-encapsulated rosmarinic acid by HPLC-DAD, was determined as 100% (no compound was detected in the analysed coagulation and washing solutions).
The lyophilized microparticles were analyzed by OM. As can be observed in Fig. 3A3 , the microspheres maintained a shape similar to the one observed previously for the hydrated microspheres obtained after the encapsulation process (round and pear-type form), although they showed a roughened surface due to water removal, a consequence of the drying process. ) of the aqueous and hydroethanolic rosemary extracts (mean values ± SD). Error bars represent standard deviations (SD). *P < 0.001, results that are significantly different. The FTIR spectra of the lyophilized aqueous extract, microspheres and alginate are shown in Fig. 3B . The microspheres spectrum, as expected, is dominated by the presence of alginate (orange dotted lines). The ratio of extract/alginate was 50/400, which explains the alginate preponderance. Nevertheless, a contribution from both carbonyl (CvO) and hydroxyl (OH) groups of the extract (green dotted lines) was observed. Also a widening of the OH and CvO bands can be observed. These observations represent evidence of an effective extract encapsulation.
Incorporation of the microencapsulated aqueous extract in cottage cheese
Following the results obtained with the incorporation of the rosemary extract in free form, where a loss of bioactivity was observed after 7 days, and after the successful application of the microencapsulation process, the extract in the microencapsulated form was used to functionalize the cheese samples. The obtained results showed no antioxidant activity for both assayed times (t 0 /initial time and t 7 /after 7 days of storage), demonstrating the effective protection of the extract inside the microspheres. To prove the existence of a viable extract inside the microspheres, even after 7 days, a cheese added with extract in the microencapsulated form was subjected to an ultrasound extraction (75%, 30 min). The results showed antioxidant activity (EC 50 value = 103.08 ± 6.61 mg mL −1 ), which indicates the release of part of the extract as a consequence of the disruption of the alginate microspheres. Even though this test cannot be considered quantitative (the total delivery of the extract is not expected), it corroborates the presence of a viable extract inside the microspheres, and thus the advantage of using the microencapsulation as an effective tool to incorporate natural extracts in functional foods. It should also be highlighted that the coating material, alginate, has been recognized for its distinct features such as specific release under basic pH, 39 allowing the protection of the phenolic bioactive compounds of the rosemary extract along the acidic pH of the stomach, and releasing them only in the intestinal tract where they will be absorbed.
Colour and nutritional parameters of the control and cottage cheeses with free and microencapsulated aqueous rosemary extracts
By incorporating new extracts/natural ingredients in well-established food products, it is very convenient and useful for the consumers and companies commercializing the products, to have knowledge about the effects of this incorporation in the nutritional and energetic contribution of the final product. Moreover, as polyphenols added to the cottage cheese could undergo severe browning reactions, the effects on colour and fatty acids are of particular importance. Therefore, the colour and nutritional parameters were evaluated for all the cottage cheese samples before and after storage (t 0 and t 7 ), and the results are shown in Table 3 .
Colour is the first impression that a consumer gets about food quality, so the issue of visual perception is an important consideration in the development of new food products. The L* parameter indicates lightness, so higher values mean clearer objects; the a* value indicates the redness-greenness tendency, and the b* value indicates the blueness-yellowness tendency. At t 0 and t 7 , the parameters L* and b* showed greater contribution to the total colour of the cottage cheeses, however, the a* value was close to zero and, therefore, its contribution to the total colour value was minimum. The L* parameter for the cottage cheeses (0 days) was not statistically different, however, after 7 days of storage there was a slight change.
Additionally, the cottage cheese samples were analyzed for their nutritional composition regarding ash, fat, protein and carbohydrate (including lactose) contents, as well as, total energy. The obtained results (Table 3) indicate that the nutritional properties of cottage cheese are maintained even after the incorporation of rosemary aqueous extracts (both in free and microencapsulated forms). Moisture decreased after storage, with a consequent increase in the fat and protein levels. As cottage cheese has relatively high levels of fat, individual fatty acid profiles were also analysed. As expected, saturated fatty acids, mainly myristic (C14:0), palmitic (C16:0) and stearic (C18:0) acids, constituted the main fatty acid fraction in the samples (Table 3) .
Regarding carbohydrates, the control cottage cheese presented higher levels at t 0 , whereas the samples with free and microencapsulated extract showed similar carbohydrate values, lower than the control cheese. At t 7 , both control and cottage cheese with the microencapsulated extract presented similar concentrations of carbohydrates, higher than the cottage cheese added with the free extract. Lactose was the free sugar identified and quantified and decreased along time. The lactose values were significantly different in different samples, finding the highest levels in the control cheese at both days 0 and 7.
The energy revealed the same behavior at both times of analysis (t 0 and t 7 ). The control cheese and the one with microspheres gave similar values, although the sample with the free extract showed lower energy values. As expected, the caloric values expressed in 100 g of fresh samples were higher after 7 days of storage, due to the decrease in moisture and the consequent increase in the concentration of nutrients.
In general, and despite the previously discussed changes, the values obtained for the various parameters are of the same magnitude in all sample groups. Moreover, the introduction of free and encapsulated extracts did not affect the nutritional value of the cottage cheese when compared with the control sample. Similar work with cottage cheese revealed identical values for colour and nutritional parameters. 
Conclusion
In this work, aqueous and hydroethanolic extracts of rosemary were compared regarding the phenolic composition, with aqueous extracts having a higher content and, consequently, a higher antioxidant activity. For this reason aqueous extracts were chosen to functionalize cottage cheeses. As expected, the incorporation of the extract in free form increased the antioxidant properties of the cheese, although it decreased after the storage time (7 days). Therefore, in order to preserve the antioxidant activity, the rosemary aqueous extract (after being lyophilized) was microencapsulated by using an atomization/ coagulation technique with an estimated encapsulation efficiency of around 100%. Comparatively with control samples (cheese with no added extract), the nutritional value of cottage cheese was not affected by the introduction of the extract in free and microencapsulated forms. The samples added with the microencapsulated extracts maintained their antioxidant properties more efficiently throughout storage thus increasing the bioavailability upon ingestion.
